Introduction
Hyponatremia, defined as a plasma sodium (PNa) concentration less than 135 mEq/L, is the most common electrolyte disorder. Hyponatremia is associated with an increased risk of mortality in hospitalized patients. 1 It has also recently been recognized that milder, and apparently asymptomatic, forms of hyponatremia are not only associated with increased mortality, but also with an increased risk of neurocognitive deficits, gait disturbances, falls, bone fractures, and osteoporosis. 2 Hyponatremia also is associated with significant costs to our health care system. 3 Many therapeutic interventions used in hyponatremia are supported by our knowledge of pathophysiology but are not backed by clinical trial evidence and have inconsistent efficacy, slow onset of action, and/or poor adherence. 2 The discovery of vasopressin receptor antagonists (VRAs) seemed to address these problems at first by providing a new drug class targeting the common denominator in most types of hyponatremias:
vasopressin. 4 Despite their demonstrated efficacy in clinical trials, the indications for VRAs in hyponatremia remain unclear. 5 Moreover, their use has been limited by their high cost without an added mortality and/or morbidity benefit. 6 Safety concerns have also arisen. Use of high-dose VRAs, which are not commonly used in hyponatremia, have been associated with liver injury, and now the U.S. Food and Drug Administration (FDA) warns against their use in liver disease. 7 Also, data obtained from meta-analysis 8, 9 and case reports 10 suggests that use of VRAs is associated with rapid correction of hyponatremia, and in rare cases this can result in osmotic demyelination syndrome. 11 Therefore, it is important to explore alternative therapies that deal with hyponatremia in a safe and cost-effective manner.
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Urea has been successfully used in Europe (particularly in Belgium) for the treatment of hyponatremia since the early 1980s, 12 but it has not been available in the United States until recently, when Ure-Na™, the first commercial formulation of oral urea, was launched. Ure-Na™ comes in a sachet powder, which is mixed with water or juice. The FDA considers urea to be a medical food (GRAS category: Generally Recognized As Safe) 13 and therefore does not require a medical prescription. This review will focus on the use of urea as a cost-effective and safe therapy for hyponatremia. Fluid restriction is the mainstay of therapy for patients with SIADH, however this patient's urine osmolality was greater than 500 mOsm/kg, and her urine electrolyte-to-plasma ratio ([UNa + UK]/PNa) was greater than 1, suggesting that fluid restriction alone was not going to improve PNa. 14, 15 Therefore, a decision was made to start urea 15 grams orally, twice a day.
Case Presentation
The patient was maintained on 1.5 L/day fluid restriction while on urea. Plasma sodium concentration normalized over three days (Table 1 ). 
Mechanism of Action of Urea
Urea is considered an ineffective osmole because it crosses cell membranes, but in the kidneys urea can work as an effective osmole inducing osmotic diuresis. To better understand how urea qualitatively works as an osmotic diuretic, we should first briefly review the renal handling of urea. [16] [17] [18] Urea is freely filtered by the glomerulus. As water is reabsorbed in the The IMCD segment might also be a site of urea action as UTA1 can undergo down regulation when the luminal concentration of urea is high, increasing the osmotic diuretic effect of urea. 20 To appreciate how urea quantitatively works, we should also briefly review the dependence of free water clearance on daily urine solute excretion. 21 Urine osmolality is the ratio between daily urine solute excretion and daily urine volume as shown in equation (1):
Where UOsm = urine osmolality (in mOsm/L); USE = daily urine solute excretion (in mOsm/day); V = daily urine volume (in L/day).
Reorganizing the terms of equation (1) we then have:
From equation (2) we can infer that daily urine volume (and therefore free water clearance) depends on daily urine solute excretion. 21 This is the principle behind the hyponatremia from beer potomania and tea-and-toast diet, as well as the polyuria induced by glycosuria or other osmotic agents. 22 Under normal circumstances, we are in solute balance, which means that the daily solute intake equals the daily urine solute excretion. We can illustrate the effects of urea on water balance by using three examples: 23 1. A healthy individual who ingests 700 mOsm of solute and drinks 2 liters of water per day. The kidneys adjust urine osmolality based on solute and water intake to maintain water homeostasis:
Replacing values in equation (1) Net water gain = 2 L/day -2 L/day = 0 (i.e., water balance) 2 A patient with SIADH who ingests 700 mOsm of solute and drinks 2 liters of water per day. The kidneys are not able to adjust urine osmolality based on solute and water intake in SIADH. On the contrary, SIADH is characterized by a high and "fixed" urine osmolality (in our example we use a urine osmolality of 500 mOsm/L):
Replacing values in equation (2) 3. A patient with SIADH who ingests 700 mOsm of solute and drinks 2 liters of water per day but also is treated with urea 15 g orally twice daily (i.e., molecular weight of urea is 60 g/mol, 30 g = 500 mmol of urea daily). The kidneys are still not able to adjust urine osmolality because urine osmolality remains fixed, but daily solute intake has now increased due to the ingestion of urea.
Replacing values in equation (2) Besides a dilutional component, the mechanism of hyponatremia in SIADH also involves renal sodium loss as a compensation for the mild volume expansion that occurs in this syndrome. 24 In an animal model, urea improved hyponatremia in SIADH by decreasing the associated compensatory natriuresis (perhaps by increasing sodium reabsorption in the thin ascending limb of the loop of Henle). 25
Efficacy of Urea
There are no randomized clinical trials that have investigated the efficacy of urea in the treatment of hyponatremia. The evidence for the efficacy of urea mostly comes from retrospective studies and case series in various patient populations ( Hyponatremia that occurs in patients with subarachnoid hemorrhage from ruptured intracranial aneurysm is usually caused by SIADH, with glucocorticoid deficiency being the second most common cause; cerebral salt wasting syndrome is rare in these patients. 28 Therefore, urea might play a role in these patients where cerebral edema is usually present and fluid restriction is a concern due to the potential risk of vasospasm. 29 As a matter of fact, vasospasm is prevented in these patients by volume expansion with isotonic saline but with the added risk of worsening hyponatremia from SIADH due to the desalination phenomenon. 30 The for hyponatremia. 32 Psychogenic polydipsia has been traditionally considered a pure dilutional hyponatremia from excessive water intake. However, there is evidence suggesting that factors other than excessive water intake might play a role. 33, 34 Urea has also been used in patients with psychogenic polydipsia where fluid restriction was found to be difficult to adhere to. 35, 36 Case reports of the successful use of urea in hyponatremic patients with heart failure and cirrhosis have been also reported. [37] [38] [39] Urea has also been shown to be effective in some situations where VRAs do not work. This is the case of the nephrogenic syndrome of inappropriate antidiuresis (NSIAD), a genetic disorder caused by activating mutations in the vasopressin 2 receptor, where urea has been used successfully. 40 
Advantages of Urea
Hyponatremia has been associated with various degrees of cerebral edema, especially in neurosurgical patients. Urea is considered an ineffective osmole because it crosses muscle cell membranes very rapidly; urea penetrates brain capillaries 10 times more slowly than in muscle, becoming at least a partly effective osmole under these circumstances. 41, 42 Oral urea administration can result in a rapid increase in urea levels, creating an osmotic gradient across the blood-brain barrier that causes water to exit out of the brain, improving cerebral edema. 42 Another advantage of urea is that it seems to be protective against ODS when overcorrection of hyponatremia occurs.
This might be the reason behind why ODS is an uncommon occurrence in chronic hemodialysis patients. 43 Induction of azotemia in rats with the subsequent development of hyponatremia and posterior PNa overcorrection was found to be protective of ODS. 44 Administration of urea to hyponatremic rats after PNa overcorrection has also been shown to protect against ODS. [45] [46] [47] [48] Gankam Kengne et al. studied hyponatremic rats whose PNa was overcorrected using urea, lixivaptan, or hypertonic saline. 48 All animals developed a similar degree of PNa overcorrection. Fewer animals developed ODS in the urea group, and when they did, their neurologic manifestations were less pronounced compared to the animals in the lixivaptan and hypertonic saline groups. Also, the mortality in the urea group was significantly less compared to the other two groups (27% for urea, 65% for lixivaptan, and 76% for hypertonic saline).
The pathogenesis of ODS remains unclear, but demyelination, microglial activation, and astrocyte loss are considered histological features. In this study, the brains of rats in the urea group showed less demyelina tion, less microglial activation, and less astrocyte loss compared to the brains of rats treated with the other therapies. The explanation of the protective mechanism of urea during hypo natremia overcorrection might lie in the way the brain adapts to hyponatremia and its correction. 49, 50 After hyponatremia develops, water moves into the brain along osmotic gradients, producing brain edema. Astrocytes have an important role in brain water regulation and selectively swell after hypotonic stress, while neurons do not. Immediate adaptation to brain swelling includes movement of fluid from astrocytes into the cerebrospinal fluid driven by a hydrostatic pressure gradient created by increased intracranial pressure.
However, this is a limited adaptive mechanism. The main way astrocytes fully adapt to swelling is by extruding solutes in an effort to decrease their intracellular fluid (ICF) osmolality and stop water movement, a process known as regulatory volume decrease (RVD 
Drawbacks of Urea
The use of urea has been limited because of its bitter taste.
However, the U.S. formulation of urea has a sweet citrus flavor, which makes it more tolerable. The author of this review has personally tried this urea formulation and found the taste very acceptable. Urea is generally safe. Common side effects of urea include headaches, and nausea when administered rapidly via feeding tube. BUN and urine osmolality levels are expected to increase with urea use, and urine sodium concentration decreases. 12
Indications and Dosing of Urea
Urea is indicated in the treatment of hypotonic hyponatremia without severe symptoms (where hypertonic saline is still the treatment of choice) resulting from the following conditions:
• SIADH: The main indication for urea is to treat the hyponatremia resulting from SIADH. 12, 26, 57 The 2014 European clinical practice guidelines on the diagnosis and treatment of hyponatremia recommend the use of urea (or alternatively a combination of low-dose loop diuretics and salt tablets) as a second-line therapy in patients with moderate or profound hyponatremia from SIADH. 58 The same guidelines advise against the use of VRAs for this purpose. Urea should be used after fluid restriction alone is expected to fail, has failed, or is not tolerated. However, patients on urea should still limit their fluid intake to 1.5 to 2 L/day. The recommended dose of urea is 0.25 to 0.5 g/kg/day or 15 to 30 g/day. The higher the urine osmolality, the higher the dose of urea required.
Professor Guy Decaux, a world expert in hyponatremia and the use of urea, recommends the following urea doses based on initial urine osmolality: 59 UOsm ≈ 300 to 500 mOsm/kg: Urea 15 g orally daily UOsm ≈ 500 to 600 mOsm/kg: Urea 15 g orally twice a day (30 g/day)
• Heart Failure: Urea has been used successfully in hyponatremia for heart failure. 60 The dosing is similar to that of SIADH, but diuretics should be maintained. Urea should be initiated only if BUN is less than 28 to 38 mg/dL. 59 • Liver Cirrhosis: Urea is rarely used in hyponatremia from cirrhosis. 38, 39 The main concern is that urea metabolism into ammonium by colonic ureases can trigger hepatic encephalopathy. 61 
